SYNOPSIS Conduction velocity from spinal cord to axilla (estimated using the F wave) has been compared with conduction velocity from axilla to wrist (measured in the conventional manner) in the motor fibres of the ulnar nerve in 17 control subjects and in 11 patients with the Guillain-Barre syndrome (GBS). In the patients with GBS the conduction velocity was, in general, reduced to a similar extent in both the proximal and the distal portions of the motor fibres, suggesting that the disease process is usually diffuse. In two patients, however, the conduction velocity in the proximal segment was disproportionally reduced and in one of these the conduction velocity in the distal segment was normal. It is concluded that the estimation of conduction velocity in the proximal segments of motor nerves may be of value in the assessment of patients with GBS.
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Patients with the Guillain-Barre syndrome (GBS) commonly develop a reduction in motor nerve fibre conduction velocity which helps to differentiate the condition from other types of neuromuscular disease (Peterman et al., 1959; Cerra and Johnson, 1961; Lambert and Mulder, 1964; Isch et al., 1967; Kaeser, 1970; McQuillen, 1971; Eisen and Humphreys, 1974) . The reduced conduction velocity can be attributed to an increase in the internodal conduction time resulting from segmental demyelination (Rasminsky and Sears, 1973) .
Conduction velocity is usually measured in the most accessible distal segment of motor nerves. The slowing of nerve conduction velocity in this segment is usually uniform but may be patchy (Bigot and Goulon, 1970; Kaeser, 1970) , most marked distally (Isch et al., 1967) , or most marked at potential sites of nerve compression (Lambert and Mulder, 1964) . Although sometimes present within a few days of the onset of symptoms, the characteristic reduction in conduction velocity may not be ap- parent until two to three weeks after the onset of the syndrome (Peterman et al., 1959; Humphreys, 1964; Kaeser, 1970; Eisen and Humphreys, 1974) .
In a proportion (10-20%) of patients with otherwise typical GBS it is not possible to demonstrate slowing of conduction in the distal segments of motor nerves even at the peak of the neurological deficit (Lambert and Mulder, 1964; McQuillen, 1971; De Jesus, 1974; Eisen and Humphreys, 1974) . There are several possible explanations for this:
(1) the disease process could be so mild that the conduction velocity of the fastest motor fibres is not depressed below the normal range; (2) the demyelination could involve predominantly the roots or proximal portions of the spinal nerves where conduction can not be measured using conventional techniques (Kaeser, 1970; Eisen and Humphreys, 1974) ; (3) the weakness could result from conduction block (Kaeser, 1970) or axonal disruption (Oppenheimer and Spalding, 1973) . The measurement of conduction velocity in the proximal portions of motor nerves would clearly help to distinguish between these possibilities.
MWotor nerve conduction velocity in Guillain-Barre syndrome Kimura (1974) has devised a method of estimating conduction velocity in motor nerve fibres from the spinal cord to the proximal part of the limb using the F wave. In the present study, the conduction velocities from the spinal cord to axilla (estimated with this technique) and axilla to wrist (estimated in the usual way) in the motor fibres of the ulnar nerve are compared in normal subjects and in a group of patients with GBS of varying degrees of severity. It is concluded that the technique is of value in the assessment of patients with GBS. Kimura and Butzer (1975) Kimura (1974) .
Comparisons of proximal and distal conduction velocities in the normal and patient populations were made using Student's t test and the correlation coefficient. Probabilities of less than 0.5 (two tailed) were considered significant.
RESULTS
The technique was found to be relatively simple and studies could usually be completed within 10 minutes. In normal subjects, the proximally evoked muscle compound action potential could be readily blocked (Fig. 1) , and several F waves each having a consistent latency obtained (Fig. 2) . The estimates of the conduction velocity measured using the F wave conformed closely to estimates of conduction from Erb's point to the axilla obtained in the conventional manner in subjects in whom this could be carried out. In the patients with GBS, who often had dispersed and irregular compound muscle action potentials, the F waves could generally be recognized by the characteristic variability of their occurrence and their constant latency (Fig. 3) . (Fig. 4) . In two patients (cases 1 and 2), however, the conduction velocity in the proximal segment was disproportionally reduced and in one (case 2) the conduction velocity in the proximal segment was reduced, whereas conduction velocity in the distal segment, measured in the conventional manner, was within normal limits. Unlike the control population, there was no significant difference between the proximal and distal conduction velocities in the patient group. (0) and patients with the Guillain-Barre' syndrome (0). The mean +42 SD for normal subjects is indicated by the dotted lines. Proximal conduction velocity is slightly faster than distal conduction velocity in normal subjects. In patients with the Guillain-Barre' syndrome proximal and distal conduction appear, in general, to be equally affected but in two patients proximal conduction velocity is disproportionally reduced. In one patient proximal conduction velocity is reduced, although distal conduction velocity is within normal limits.
The CSF protein, measured during the acute phase of the illness, was raised in all patients. There was no correlation between the CSF protein and either proximal or distal conduction velocity either in the group as a whole or in those in whom the studies were carried out within six months of the onset. There were more males in the patient population than in the control group but, although this may affect conduction velocity (LaFratta and Smith, 1964) , it is considered unlikely to account for the present findings. There was no statistically significant difference between the mean ages of the two groups.
DISCUSSION
It is likely that the F wave obtained in relaxed normal man is attributable to recurrent activation of motoneurones by the antidromic volley in the motor inerve. It can be obtained in man or in the experimental animal when reflex activity has been abolished by deafferentation (Magladery and McDougal, 1950; Gassel and Wiesendanger, 1965;  Thorne, 1965; McLeod and Wray, 1966; Mayer and Feldman, 1967) or myelotomy (Miglietta, 1973) and it can be recorded from the facial muscles, which are believed to be devoid of muscle afferent nerves (Sawnhey and Kayan, 1970; Trontelj and Trontelj, 1973) . The ascending and descending volleys travel at the same velocity (Dawson and Merton, 1956; Mayer and Feldman, 1967; Miglietta, 1973; Trontelj, 1973) , although this may not be the same as the conduction velocity of the fastest conducting motor fibres (Magladery and McDougal, 1950) . A motor unit does not take part in the late response unless it has already appeared as a component of the direct muscle response (Thorne, 1965; Trontelj, 1973; Trontelj and Trontelj, 1973) . Unlike a true reflex response, such as the H reflex, the F wave is not abolished by supramaximal stimulation of the motor nerve. It is unaffected by post-tetanic potentiation and does not suffer prolonged inhibition after a conditioning stimulus (Thorne, 1965; Mayer and Feldman, 1967) . A reflex response of similar latency, however, may be superimposed upon the F wave with proximal sites of stimulation (Fra and Bignolio, 1968) and when the excitability of the motoneurones is enhanced by voluntary contraction (Upton et al., 1971) , prior tetanic stimulation (Hagbarth, 1962) , or as a result of an upper motor neurone lesion (Thorne, 1965) .
It therefore appears reasonable to assume that F waves obtained in a relaxed subject result predominantly from the antidromic activation of a small number of motoneurones.
The measurement of motor conduction velocity using the F wave is, however, subject to two reservations.
1. Although the motor units involved in the F wave may be large (Feasby and Brown, 1974) , their axons are not necessarily the fastest conducting motor axons of that nerve. It appears unlikely, however, that the F wave results from the antidromic activation of motor nerve fibres of all sizes in a completely random manner since the standard deviation of the proximal estimate (in which conduction velocity is measured in the fibres carrying the F wave) is no greater than the standard deviation of the distal estimate (in which conduction velocity is measured in the fastest conducting fibres).
2. The estimate of the distance from the spinal cord to the proximal point of stimulation could be subject to a consistent error. This does not invalidate the use of the technique for comparative purposes provided that the measurement is made in the same way in a control group in each laboratory.
In the control subjects the calculated conduction velocity in the fibres of the ulnar nerve was faster proximally than distally. While this could be attributed to a consistent underestimate of the proximal distance, faster conduction in the proximal portions of peripheral nerves has been documented previously. This subject has been reviewed by Kaeser (1970) .
In the majority of patients with GBS, conduction was reduced proportionally in the proximal and distal portions of the nerve, suggesting that the disease is, in general, a diffuse process. However, the difference between the proximal and distal conduction velocities noted in the control subjects was not apparent in the group with GBS. These findings could indicate that demyelination is more pronounced proximally, although the proximal segments were longer than the distal segments and would be more likely to show a reduction in overall conduction velocity as a result of a random process of segmental demyelination. In one patient proximal conduction veloci-ty was reduced while distal conduction velocity, measured in the conventional manner, was normal. The technique may therefore be of value in establishing the diagnosis in some of those patients (14-20%) in whom distal conduction velocities are normal. Kimura and Butzer (1975) made serial estimations of proximal and distal conduction velocity in the median and ulnar nerves of nine patients with GBS. They found that slowing of conduction was initially most common at sites of possible nerve compression and in the central segment between spinal cord and axilla. In four patients only proximal conduction was slowed. They concJuded that the central segment may be predominantly involved in some patients with GBS.
Although GBS is considered to be predominantly a demyelinating disease (Asbury et al., 1969; Wisniewski et al., 1969; Carpenter, 1972) , axonal damage occurs (Finean and Woolf, 1962; Asbury et al., 1969; Oppenheimer and Spalding, 1973; Arnason, 1975) . Electrophysiological evidence of axonal disruption is found in 20-50% of patients with GBS (Pleasure et al., 1968; De Jesus, 1974; Eisen and Humphreys, 1974) . It has been established that the prognosis in GBS depends on the extent of the denervation rather than on the degree of slowing of motor conduction velocity (Isch et al., 1967; Oppenheimer and Spalding, 1973; Eisen and Humphreys, 1974; but see McQuillan, 1971) .
The measurement of conduction velocity in the proximal portions of a motor nerve may therefore have additional value. Normal conduction in both the proximal and distal segments in the presence of severe weakness would raise the possibility of conduction block or the presence of a predominantly axonal lesion with the associated poor prognosis.
It is concluded that the estimation of conduction velocity in the proximal portions of a motor nerve using the method devised by Kimura (1974) 
